ABSTRACT Background: Evidence of the association between parental childfeeding practices and the child's body mass index (BMI) is controversial, and bidirectional effects have been poorly studied. Objective: We aimed to examine bidirectional associations between parental child-feeding practices and BMI at 4 and 7 y of age. Design: This study included 3708 singleton children from the Generation XXI birth cohort with data on parental child-feeding practices and BMI at 4 and 7 y old. Feeding practices were assessed through a self-administered questionnaire by combining the Child Feeding Questionnaire and the Overt/Covert Control scale and then adapting it to Portuguese preschool children. Weight and height were measured according to standardized procedures, and age-and sex-specific BMI z scores were computed based on the WHO Growth References. Linear regression models were used to estimate the bidirectional associations between each practice and BMI z score. Crosslagged analyses were performed to compare the directions of those associations (the mean score of each practice and BMI z score at both ages were standardized to enable effect size comparisons). Results: After adjustments, pressure to eat and overt control at 4 y of age were associated with a lower BMI z score 3 y later (b: 20.05; 95% CI: 20.08, 20.03 and b: 20.05; 95% CI: 20.09, 20.01, respectively). Regarding the opposite direction of association, a higher BMI z score at 4 y of age was significantly associated with higher levels of restriction and covert control at 7 y of age (b: 0.06; 95% CI: 0.03, 0.08 and b: 0.06; 95% CI: 0.04, 0.08, respectively) and with lower levels of pressure to eat (b: 20.17; 95% CI: 20.20, 20.15). The only bidirectional practice, pressure to eat, was more strongly influenced by the BMI z score than the reverse (b standardized : 20.17 compared with b standardized : 20.04; likelihood ratio test: P , 0.001). Conclusions: We found that parents both respond to and influence the child's weight; thus, this child-parent interaction should be considered in future research.
INTRODUCTION
The study of the role of parenting in the prevention and treatment of childhood obesity has increased substantially in recent years (1) . Studies addressing the effect of parental childfeeding practices on the child's weight status have shown controversial findings. Experimental studies found counterproductive effects of some practices: restricting access to foods has been related to an increase in children's preferences for those restricted foods, which has been positively associated with BMI (2-4), whereas parental use of pressure to eat has led to negative affective reactions to the foods and an association with low weight in children (5, 6) . Longitudinal studies have produced heterogeneous findings: some studies have found no effect of restriction and pressure to eat (7) , and others have found a positive effect of restriction (8) or a negative effect of restriction (9) , pressure to eat (8, 10) , and monitoring (11) on later BMI in children. The way parents control what, when, and how much their children eat may also be reactive to the child's eating behaviors and weight, although fewer studies have focused on that association from this perspective (12) . Parents of children with a higher BMI tend to be more restrictive (7, 13, 14) , whereas parents of children with a lower BMI and fat mass index tend to use pressure to eat more often (14) .
Although parents may be both responding to and influencing a child's weight, few studies have explored these bidirectional effects within the same population (14) (15) (16) . Doing so will allow the comparison of both directions of association in the same sample and will clarify which direction has the strongest influence at that age range. In 2 studies of this nature, parental child-feeding practices seemed to respond to the child's weight, and no effect of the practices on the child's weight status was reported (15, 16) , whereas another study reported that children both elicit and respond to parents' behavior from 2 to 6 y of age, although a stronger influence was observed for children's weight on parental feeding practices (14) . These bidirectional studies have been performed in small samples and have used different methodologies to assess parental practices across time (14) (15) (16) . Moreover, to our knowledge, no study has focused on a possible bidirectional association of overt and covert control with weight status, although both practices have been associated with healthy dietary habits (17) .
Therefore, we aimed to examine, in a population-based prospective study, the bidirectional association between parental child-feeding practices (restriction, monitoring, pressure to eat, and overt and covert control) and BMI at 4 and 7 y of age.
METHODS

Subjects
Participants included children and their parents from Generation XXI, a population-based birth cohort assembled between April 2005 and August 2006 at all public maternity units covering the metropolitan area of Porto, in northern Portugal (18) .
As described elsewhere (19) , the entire cohort was invited to be reevaluated at the child's age of 4 and 7 y. A total of 3928 children who had child-feeding questionnaires self-completed by their parents and had measured weight and height available at both 4 and 7 y were considered eligible for the present study. Furthermore, we excluded 220 children who lacked data on variables of interest, yielding a total of 3708 included children (51.5% male) (a flowchart is provided in Supplemental Figure 1) .
In comparing some maternal and child characteristics from the study sample with the remaining cohort at baseline (n = 4643), mothers in this study were slightly older (mean 6 SD = 30.0 6 5.1 y of age compared with 28.2 6 5.8 y of age) and had more education (mean 6 SD = 11.5 6 4.2 y compared with 10.5 6 6.1 y). However, the magnitude of the differences was not high (20) (Cohen's effect size values of 0.33 for age and 0.19 for educational level), suggesting that the differences for the most part were due to the large sample size rather than large differences between participants' characteristics.
All phases of the study complied with the Ethical Principles for Medical Research Involving Human Subjects expressed in the Declaration of Helsinki (21) . The study was approved by the University of Porto Medical School/S. João Hospital Center Ethics Committee, and a signed informed consent according to the Declaration of Helsinki was required for all participants.
Data collection
Parental child-feeding practices
Parental child-feeding practices were assessed at 4 and 7 y of age with the use of the same questionnaire, self-completed by parents or caregivers. Those who agreed to participate in the reevaluations received the questionnaire by post mail with instructions to return it during the face-to-face interviews. For those who forgot to bring the questionnaire, an extra one was supplied to fill out during the children's evaluation or to be returned via a prepaid envelope. To evaluate the reproducibility of this questionnaire, a subsample (n = 322) received a second questionnaire that was completed by 168 parents on average 1 mo after the first.
The questionnaire combined the Child Feeding Questionnaire (CFQ) 6 (22) and the Overt and Covert Control Scale (23) , and was adapted to Portuguese preschool children by our research group (24) .
A good fit of this adapted version was also observed at 7 y of age as indicated by the following indexes of confirmatory factor analysis: the Tucker-Lewis index (TLI) (25) = 0.98 and the comparative fit index (CFI) (26) = 0.99 [values of $0.90 indicate a good fit (27) ], the root mean square error of approximation (RMSEA) (28) = 0.04, and the standardized root mean square residual (SRMR) (27) = 0.07 [values close to 0 indicate a good fit (29) ]. Internal consistency coefficients (Cronbach's a) for the different subscales ranged from 0.71 to 0.89, which reflects a good internal consistency. Reproducibility was assessed by comparing 2 questionnaires answered by the same parent or caregiver with an interval of 1 mo, on average, in a subsample of 168 participants aged 7 y. An intraclass correlation coefficient ranging from 0.360 to 0.692 was obtained via a 2-way mixed effects model, suggesting fair to moderate reproducibility (30) .
This Portuguese adapted version of the questionnaire assessed parental child-feeding practices through the following subscales: restriction of the childs access to snacks and energy-dense foods (3 items), pressure to eat more foods (4 items), monitoring the child's eating (3 items), overt control (represented by a firm attitude from parents about what, how much, where, and when the child eats, which can be perceived by the child) (5 items), and covert control (in which the child is unable to detect the control; for example avoiding buying energy-dense foods) (4 items). Parents or caregivers answered the items on a 5-point Likert scale, with higher scores indicating higher levels of each subscale, i.e., of each parental child-feeding practice. Mean scores were calculated for each subscale, if all items were completed (ranging from 1 to 5).
Child's BMI
The child's weight and height were measured at 4 and 7 y of age by trained staff members, according to standard procedures (31) . Participants were measured in underwear and in bare feet. Weight was measured to the nearest one-tenth of a kilogram with the use of a digital scale (Tanita), and height was measured to the nearest one-tenth of a centimeter with the use of a wall stadiometer (seca). BMI was calculated as the value of weight (kg) over the squared height (m), and computed as an age-and sex-specific BMI SD score (z score), according to the WHO Growth References (32, 33) .
Maternal characteristics
Maternal characteristics at the 4-y-old child's follow-up were obtained by trained interviewers with the use of standardized 6 Abbreviations used: CFI, comparative fit index; CFQ, Child Feeding Questionnaire; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual; TLI, Tucker-Lewis index.
questionnaires. For this study, maternal age, education, and BMI were used. Maternal age and educational level were recorded as completed years of aging and schooling. Weight and height were measured, and BMI (in kg/m 2 ) was calculated.
Statistical analysis
Two sets of linear regression models were run, with each set comprising 5 separate regressions, one for each subscale. The first set assessed the relation between the mean score of each subscale at 4 y of age and BMI z scores at 7 y of age. The second set assessed the relation between BMI z score at 4 y of age and the mean score of each subscale at 7 y of age. For both sets of regressions, 3 models are presented: an unadjusted model (model 0), a model adjusted for the child's sex and the mother's age, educational level, and BMI when the child was 4 y of age (model 1), and a model adjusted for covariates from model 1 and in addition for BMI z score (in practice-BMI associations) or for the mean score of the subscale (in BMI-practice associations), when the child was 4 y old (model 2).
In addition, crosslagged analyses (34) were performed (one for each subscale) to compare both directions of the associations. These analyses were made as path analyses with the use of a multinomial maximum likelihood estimation, with no addition of any residual correlations to the models. Path analyses included linear regressions to assess the cross-sectional association between the parental child-feeding practice and BMI at each age, the longitudinal association of each variable from 4 to 7 y of age, and the longitudinal association of the crosslags (parental child-feeding practice at 4 y of age with BMI at 7 y of age, and the reverse). All associations were adjusted for the child's sex and the mother's age, educational level, and BMI when the child was 4 y of age. Crosslagged associations were adjusted in addition for BMI z score (in practice-BMI associations) or for the mean score of the subscale (in BMI-practice associations) at 4 y of age. BMI z score and the mean score of each subscale at both ages were standardized to enable effect size comparisons.
A quadratic term was added to the previous models to test whether the associations were curvilinear. All associations were linear, with the exception of the association between monitoring at 4 and 7 y of age. Both low and high scores of monitoring at 4 y of age were associated with higher levels of monitoring at 7 y of age, but the addition of the quadratic term only slightly modified the variance explained by the model (linear R 2 = 7% compared with quadratic R 2 = 8.4%). All associations were thus assessed as linear. Values $0.90 for CFI (26) and TLI (25) and close to 0 for RMSEA (28) and SRMR (27) indicated a good model fit.
A likelihood ratio test was used to compare whether the longitudinal association of parental child-feeding practices with the child's BMI differed statistically from the association in the opposite direction, constraining the models to be equal between practice-BMI and BMI-practice (model A) and comparing with the one that was not constrained (model B).
We tested possible interactions of the mother's BMI or the child's sex in the associations between parental child-feeding practices and the child's BMI, including interaction terms in the multivariate models. No significant interactions were observed and thus no stratified analyses were performed.
Descriptive statistics and linear regression models were conducted with the use of SPSS software, version 20.0, and crosslagged analyses were conducted with the use of R version 3.0.1.
In all analyses, we considered a P value ,0.05 to be statistically significant.
RESULTS
Participants' characteristics at the follow-ups at 4 and 7 y of age are described in Table 1 . Regarding parental child-feeding practices, pressure to eat and covert control showed a significant decrease from 4 to 7 y of age, whereas the child's BMI and z score showed a significant increase from 4 to 7 y of age.
The associations between parental child-feeding practices and the child's BMI z scores in both directions are shown in Table 2 . The first set of linear regression analyses assessed the association between parental child-feeding practices at 4 y of age and the child's BMI z score at 7 y of age. In model 2 (considered to be the final model), pressure to eat and overt control at 4 y of age showed a significant negative association with BMI z scores at The second set of linear regression analyses (Table 2 ) assessed the association between the child's BMI z score at 4 y of age and parental child-feeding practices at 7 y of age. A higher BMI z score at 4 y of age was significantly associated with higher mean scores of restriction and covert control but lower mean scores of pressure to eat at 7 y of age. These associations remained significant even after adjustment (restriction-b: 0.06; 95% CI: 0.03, 0.08; covert control-b: 0.06: 95% CI: 0.04, 0.08; pressure to eat-b: 20.17; 95% CI: 20.20, 20.15) . No effect of BMI z score on monitoring at 4 y of age and overt control at 7 y of age was observed.
For pressure to eat, both directions of association seemed to be dependent of the outcome variable at 4 y of age (BMI z score in pressure to eat-BMI associations and pressure to eat in BMIpressure to eat associations), although these remained statistically significant after adjustment. A crosslagged modeling approach was applied to compare both directions of those associations ( Figure 1) . All crosslagged models presented a CFI and TLI .0.90 and RMSEA and SRMR close to 0, supporting the goodness of fit, with the exception of pressure to eat, because there was a residual association between practice and BMI at 7 y old. A negative association in both directions was found for pressure to eat, but the strongest direction was from the child's BMI z score to the practice, as confirmed by the likelihood ratio test (b standardized : 20.17 compared with b standardized : 20.04; likelihood ratio test: P , 0.001). The negative association of overt control at 4 y of age with BMI z score at 7 y of age did not differ statistically from the association in the opposite direction (likelihood ratio test: P = 0.522). A positive association of BMI z score at 4 y of age with restriction and covert control at 7 y of age was corroborated by these models.
DISCUSSION
This study examined the bidirectional associations between parental child-feeding practices (restriction, monitoring, pressure to eat, and overt and covert control) and BMI in 4-and 7-y-old children and showed that parents tend to exert restriction, covert control, and pressure to eat in response to their child's BMI, whereas pressure to eat and overt control seem to influence later BMI. Monitoring showed no association with the child's BMI in both directions, whereas pressure to eat showed a bidirectional association, although the effect of the child's BMI over the parental practice was stronger than the reverse.
Experimental studies have shown that restricting access to palatable foods may lead to poor self-regulation of eating, affecting food selection and intake (2, 4, 13) . Although the association between restriction and eating disinhibition has been documented, its effect on weight status is still unclear. Longitudinal studies have found a positive effect of restriction on the child's BMI 2 y later (8), others described no effect (14, 16) or even an association with weight loss (9) . An alternative causal direction, in which parents exert restriction in response to their children's weight, has been addressed in some studies (11, 14) . Data from the Infant Growth Study have shown that higher weight at 5 y of age prompted restrictive feeding practices 2 y later (11) . In another study, a higher BMI at the age of 2 y was associated with higher levels of parental restriction at 4 y of age (14) . Even though parents exert food restriction at 7 y of age in response to a previous higher body weight in the child, this practice at 4 y of age showed no impact on later BMI, and this association appeared to be dependent on BMI at 4 y of age.
The longitudinal effects of covert control feeding practices (not perceived by the child) and overt control (explicit control, perceived by the child) on the child's weight status are lacking in literature (17) . In the study by Ogden et al. (23) , in which these 2 constructs were presented, covert control at 4 y of age was negatively associated with snack intake at 11 y old, but no association with the child's weight was assessed. In another study in 1275 children, covert control at 9 y of age was positively related to BMI 1 y later (17) . We found that covert control was reactive to the child's weight status, because a higher BMI at 4 y of age was related to higher levels of the practice at 7 y of age. This is in accordance with another study by our research group that has reported an association of covert control with parental concerns about the child's weight, also evaluated by the CFQ (19) . We found an effect of covert control at 4 y of age on the child's BMI 3 y later, which also disappeared after adjustment for the child's BMI at 4 y of age. Overt control previously has been related with low energy-dense snacking and high fruit intake in children (17, 23) , but to our knowledge no studies so far . n varied for each regression from 1.1% to 2.1% because complete data differ between subscales of the parental child-feeding practices questionnaire. Model 0: unadjusted; model 1: adjusted for child's sex and mother's age, educational level, and BMI when the child was 4 y of age; and model 2: adjusted for covariates from model 1 and in addition for BMI z score at 4 y of age in practice-BMI associations, or for the mean score of the subscale at 4 y of age in BMI-practice associations. *Statistically significant.
have focused on its effect on weight status or the reverse. In the present study, overt control at 4 y of age seemed to predict lower BMI 3 y later, but no effect of BMI on the practice was found. Ogden et al. (23) postulated that overt control may be part of a higher social norm of caring about the child's food intake that considers the management of what and when a child eats as a central part of parental responsibility. Overt control has been pointed out as a stable form of control by thinner parents, in line with their food preferences. We have previously reported that overt control was associated with higher levels of perceived responsibility and monitoring, the extent to which parents oversee their child's eating (19) .
Previous studies have found inconsistent results regarding the effect of monitoring on weight status. In one study, monitoring at 1 y prospectively predicted lower BMI 2 y later (11), but more often studies have found no relation with the child's weight (14, 16, 35) . In our study, a negative association was found between monitoring and weight status, which disappeared after adjustment for the confounders. A previous study indicated higher levels of monitoring if the child had excessive weight (35) . In our sample, parents did not exert monitoring in response to the child's weight.
Previous studies have found no effect (10, 16) or a negative effect of pressure to eat on weight status of children (14) . Regarding the opposite direction, fewer studies have been conducted. A study in 213 children has found that a higher BMI in children aged 7-9 y led to a decrease in pressure to eat 2 y later (16) . In a previous bidirectional study in 4166 children aged 4-6 y, a negative association in both directions was observed, although it was stronger from BMI to the practice (14) . In our study, pressure to eat also showed a bidirectional association that was stronger from BMI to the practice, i.e., a lower BMI in the child at age 4 y was associated with higher use of pressure to eat FIGURE 1 Crosslagged models of the associations between parental child-feeding practices and the child's BMI z scores at 4 and 7 y of age. All values represent b-regression coefficients. All associations are adjusted for the child's sex and the mother's age, educational level, and BMI when the child was 4 y of age. Crosslag associations (parental child-feeding practice at 4 y of age with BMI at 7 y of age and the reverse) were adjusted in addition for the mean score of the subscale (in BMI-practice regressions) or for BMI z score (in practice-BMI regressions) at 4 y of age. Likelihood ratio test-model A: crosslag constrained to be equal between practice-BMI and BMI-practice; model B: crosslag not constrained. *P , 0.05, **P , 0.001. CFI, comparative fit index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual; TLI, Tucker-Lewis index; zBMI, body mass index z score. at 7 y of age. Parents are reactive to low weight in the child, pushing the child to eat, but this action seems to enhance the low weight status, maybe through negative affective reactions that children develop to foods when forced to eat (6) .
The present study has some strengths and limitations that deserve discussion. The bidirectional associations between parental child-feeding practices and the child's BMI were assessed in a large population-based study within the same age window and by using the same measures at both time points. A broad spectrum of parental child-feeding practices was assessed in this study, giving a comprehensive view of parental influences in the child's weight status and vice-versa. Our study assessed overt and covert control in relation to the child's weight, which scarcely have been addressed to date (23) . However, some methodologic issues need to be considered. Parental childfeeding practices were reported by parents, but a child's report of parental control might have been useful, because it has been shown to better predict dietary restraint and overeating tendencies (36) . Also, parental child-feeding practices were assessed by the CFQ, but other dimensions not measured in our study would have allowed a better understanding of this dynamic: other forms of controlling a child's eating (e.g., with the use of prompts or food as reward), autonomy support to encourage the child to eat (e.g., reasoning and praise), or the effect exerted by parents as role models or the structure applied to meals (e.g., rules and limits) (1) . Although the CFQ has not been validated with observation, other psychometric properties of the questionnaire have been tested across different populations, reinforcing the usefulness of this instrument in large samples (37) . Also, taking into account the fair to moderate agreement found in our reproducibility analyses, misclassification and underestimation of the reported associations might have occurred. Restriction, covert control, and monitoring showed no effect on later BMI; but it is possible that these feeding practices could have shortterm effects on eating behaviors and food intake, and only their persistence over time will exert effects on weight status that are not evident until children are older. A previous study found that higher levels of overt control and pressure to eat led to higher odds of children consuming fruit and vegetables (38) . Further research is necessary to explore these bidirectional models, including also eating behaviors and also assessing whether the child's weight at the time of the practice is a confounder or an intermediate step in the associations between restriction, covert control, and pressure to eat with the later BMI in the child.
The focus in the literature has very much been on parental child-feeding practices as a risk factor for low or a high body weight, with the practical implication being the recommendations not to press or restrict the child's eating. Our bidirectional study underlines that parents and their children mutually influence each other over that process: restriction and covert control proved to be reactive practices that emerged in response to a higher BMI in the child but did not influence it; pressure to eat showed a bidirectional and negative association with BMI, strongest from BMI to the practice; and overt control was a nonreactive practice that occurred independently of the child's weight, but, when applied, influenced it negatively. These dynamics between parents and children should be considered in future works.
